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End-User Gains from Input Characteristics Improvement 
Uncertainty regarding input quality can affect production decisions.  Even when 
the production technology is known, variability in input characteristics can reduce 
production levels, increase costs, and reduce firm profitability.  For example, indicators 
of labor skill and effort may not be discernable at hiring.  Labor marginal product may 
vary among workers, as well as across time for the same employee. Capital productivity 
can also vary over time as equipment ages, the thoroughness of routine service varies, 
and component failure rates are random.  Similarly, in the case of food processing, 
material input characteristics may vary by lot, though price and expected quality may be 
the same.   
The problem may be exacerbated when production characteristics are not 
observable at time of procurement.  For many inputs, observable quality characteristics of 
the raw material may be imperfect indicators of the distribution of processing traits 
important to end users.  For example, flour baking characteristics may be unknown until 
processing occurs. Indicator measures for the unobservable characteristics, such as wheat 
protein and test weight, may be observed at procurement.  However, correlation among 
these observed measures and end use baking traits such as absorption, peak time, and 
mixing tolerance is imperfect.     
Information needs differ from the standard agricultural production problem under 
uncertainty.  Normal risk models assume environmental factors render yield uncertain, or 
that output prices are not known when planting decisions are made.  We assume that the 
production technology is known.  In many cases, such as food processing, output results 
from a fixed proportions technology.  Short planning horizons may also confer 
confidence in expected output prices, or contracts ensure given unit returns.  
Uncertainties arise in processing due to input quality uncertainty.  
When characteristic uncertainty is important, strategies to improve information 
content of acquired inputs may be developed.  However, improved information comes 
with a cost.  Depending upon the application, the cost of information uncertainty may be   3 
reduced or shared through contracting, reliance upon product quality requirements, or 
purchasing higher priced inputs under the assumption that the distribution of desirable 
end user traits shifts rightwards with price. This latter approach is often chosen by bakers 
in wheat flour procurement (Wilson and Dahl). 
An alternative strategy is to invest in research and development leading to inputs 
with more desirable or consistent end user traits.  Current examples include high oil corn, 
malting barley, NuSun sunflower oil, improved food-quality soybeans, high-oleic 
soybeans, high-lauric acid canola, and nutraceuticals.  However, expected gains by the 
research entity should exceed R&D costs to justify the investment.   
The objective of this paper is to determine the benefits of variety improvement in 
hard red spring wheat.  Historical samples of Northern Plains wheat characteristics 
represent the current situation.  Procurement strategies are developed to minimize costs 
subject to achieving target end use quality with parameterized levels of probability. The 
choice set is then expanded by adding an hypothetical wheat variety with known end user 
traits.  The value of the new variety reflects potential gains from research and 
development costs for seed firms. 
The Problem 
Processing converts inputs into outputs.  Short run processing decisions often 
involve meeting contractual obligations for output levels or maintaining necessary 
inventories or in-store product levels.  Given target output levels, the firm’s behavior may 
be modeled as a short run cost minimization problem:   
[1]   { } ) ( ); ( | min x z z y t z x w = ˛ ¢ , 
where x is a vector of inputs.  Technology available to the processing firm is 
characterized by t(y), the input requirement set for production of output vector y.  The 
vector z is the level of services (machinery time, actual labor productivity) and quality 
characteristics (flour baking characteristics, energy content of feedstuffs) streaming from 
inputs x used in production.  These characteristics may not be unobservable when input   4 
set x is purchased.  The functions z = z(x) represent the relationship between inputs and 
end user traits important to the production activities. 
 For many inputs, the relationship z(x) is not known at the time of input 
procurement.  Thus, z is conditional upon x, but is characterized by a distribution, 
( ) ( ) ￿ = = = = = £ dz X x z f X x z F X x Z z | | ) | ( Prob , a possibly multivariate cumulative 
distribution function.  Since z is a random variable, output is uncertain.  We assume 
technology is known, so that all uncertainty arises from the relationship between x and z. 
 The problem facing the firm is to select x such that desired output levels y are 
attained with some level of probability acceptable to the firm.  In the case of contracted 
output, for example, the attainment probability may be 1.0 or the firm may face penalty 
costs from noncompliance.  Consideration of the probabilistic nature of input 
characteristic z changes problem [1] to: 
[2]  ( ) ( ) ( ) { } ) | | ; ) ( Prob | min
0 dz x z f X x z F y t z x w
y
x ￿ = = ‡ ˛ ¢ a . 
The integral over the density asserts that output must exceed predetermined level y with 
probability  a .   
 This paper simplifies from the multiple variable case in several directions.  First, 
we assume a single measure of output so that the production technology can be 
represented as a production function, g(z) = y.  We further model the problem assuming a 
single end use characteristic z.  The decision is to select from a set of inputs x, each 
containing possibly different distributions of trait z.  The distribution of z is again 
conditional upon the choice of x.  Thus, we can consider output as a random variable and 
characterize this distribution conditional upon x as well:  
[3]   ( ) ( ) ( ) ￿ = = ‡
y
dz x z g f x z g F y z g
0 | ) | ( ) ) ( ( Prob    5 
The processor chooses levels of x so that desired output levels are attained with a 
probability equal to  a .  First order conditions provide choice rules for the processor.  
Combining [2] and [3], the Lagrangian for the problem becomes: 
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The dual variable m  measures the marginal cost impact of increasing or decreasing  a , 
the probability of achieving desired output acceptable to the firm.  Condition [5] requires 
that, at optimality, the dual variable m  times the change in the probability of attaining 
desired output induced by marginal changes in xj will be greater than or equal to the input 
purchase price wj.  Positive levels of usage (xj > 0) are associated with the marginal value 
of xj equaling price wj. 
 Condition [5] suggest a procedure to value new input varieties in the production 
process.  A new variety may be released that increases the probability of achieving 
desired output levels.  For this new variety xn,  0 > ¶ ¶ n x a .  The value of this induced 
change in a  can then be compared with alternative prices of the new input, wn.  
Adoption of the new variety in processing will occur if input price wn can be found equal 
to the second term on the left hand side of the inequality in [5].  Development of xn may 
occur if research, development, and marketing costs can be covered by wn.     6 
 A programming procedure to determine these relationships is developed in the 
next section. 
Model Development 
 Solution of [2] requires information relating observable characteristics x to z, 
technology, target output levels, and input prices. Target MOTAD allows modeling of the 
probabilistic model by minimizing input procurement costs subject to meeting target 
levels of output under different levels of acceptable risk.  Since the relationship between 
observed input characteristics (e.g., protein levels of hard red spring) and desirable traits 
in the processing function (e.g., absorption, mix tolerance, peak time) is uncertain, the 
availability of these end-use traits is stochastic.  Consequently, production levels will 
vary by realized levels of the end use traits.  In the single output case the model becomes: 
[7]   
 Minimize  w
/x 
 subject to: 
Relationship to [2]: 
Minimize  w
/x 
[a1]   Ds xs -  zs = 0  }  z = z(x) 
[a2]   f(zs) +  s d  > T 
[a3]   ps
/  s d = l  
 
}  Prob( z ˛ t(y))  >  a  
[a4]   e
/ x = 1  }  CRTS 
x, z, d  all nonnegative   
Parameter and variable definitions are found in Table 1.  Variables a1-a4 are dual 
variables associated with the constraints of the primal problem.  Matrix Ds = {dij}s 
measures yield of end user traits z of input x under alternative states of nature.  If the 
relationship between x and z were known with certainty and without variance, dijs = dij, or 
the yield of input xi of characteristic zi would not vary by state of nature.  The expressions 
to the right of the mathematical programming model represent links between the model   7 
and the behavioral specification in [2].  Constant returns to scale is added to reflect the 
fixed proportions technology employed in many food processing activities. 
Value of a more consistent hard red spring wheat variety 
 The model is applied to bread baking characteristics of hard red spring wheat. 
Sample data comes from crop reporting districts in Montana, Minnesota, South Dakota, 
and North Dakota. Numerous quality characteristics are recorded for wheat samples from 
these areas at the cereal chemistry laboratories on the North Dakota State University 
campus. Various flour baking characteristics are available, including absorption, peak 
time, and mixing tolerance. For our purposes, we identify loaf volume as our output 
measure.  A simple Cobb-Douglas relationship was estimated to represent the certain 
production relationship between loaf volume (y) and absorption (z) (t-values in 
parentheses):
1 
[] ln y =   5.17437   + 0.38524 ln z 
  (11.033)  (3.4280)  
 Absorption is not readily measurable at the point of purchase. However, protein 
content is commonly measured and forms a significant factor in wheat pricing.  Protein 
does provide an imperfect indicator for absorption rate of the milled flour.  Figure 1 
indicates this imperfect relationship. 
Rather than estimating a parametric relationship between protein and absorption, 
the stochastic target MOTAD model used observed relationships between protein and 
absorption.  The total sample of 369 observations was sorted and characterized by 41 
protein classes ranging from 12.367 to 17.433 percent.  The mean of the nine samples 
within each protein class was used as that class’s protein level.  The absorption level of 
each of the nine observations within each protein class was then used as the resulting 
state of nature for absorption conditional upon the categories’ protein content.  Given the 
sorting used in arranging the data, correlation of absorption across protein categories was 
presumed positive and close to one.  Loaf volume targets of 870, 890, and 910 cc were   8 
used in the model.  Allowable risk, measured as the expected shortfall from target over 
all nine states of nature, was varied from 0 to 50 cc in the experiments.   
Experiment I 
The first set of experiments estimated the procurement cost differences arising 
from increasingly strict requirements in attaining target loaf volume levels.  Procurement 
costs are in figure 2.  Input mixes underlying the optimal solutions are listed in table 2. 
Under some states of nature, quality exceeds requirements.  Procurement costs are 
therefore greater than necessary to assure that minimum quality requirements are attained 
over all nine states.  Attainment of target loaf volume with no acceptable shortfall is the 
highest cost strategy for each target level.  Given the positive relationship between 
protein levels and absorption, and the positive relationship between absorption and loaf 
volume, attaining target quality with no risk requires purchasing of wheat with higher 
protein levels.  Thus, loaf cost is 2.95 for a target level of 870 cc and 3.34 for 890cc 
loaves.  Given the range of absorption levels within each protein category, loaves of 910 
cc cannot be produced under all states of nature by purchases of any of the wheat in the 
sample.  The model is therefore infeasible for producing loaves of 910 cc’s for acceptable 
shortfalls of 0 and 5 cc’s.  For at least one of the absorption levels occurring under the 
different states of nature for all 41 protein categories, resulting loaf volumes fall below 
910 cc. 
Procurement costs fall as acceptable quality requirements fall. Lower protein, 
lower cost wheat is purchased. Procurement costs eventually converge to $2.83 for each 
target loaf volume.  This is the price of the lowest priced wheat in the sample, having a 
protein content of 12.4 percent.  Absorption rates range from 61.0 to 65.5.  Resulting loaf 
volumes range from 860 to 885 under the nine states of nature. Target qualities are not 
achieved in any state of nature for the 890 and 910 cc loaves.  However, the low 
acceptable requirements permit model feasibility at low procurement costs. 
                                                                                                                                            
1 Coefficients on mixing tolerance and peak time were not significant.  Since this is an illustration of the 
procedures, the simple single input/single output relationship was maintained for the model.   9 
Experiment II 
The second set of experiments was similar to the first.  However, a 42
nd wheat 
type was made available. This new variety may represent the results of traditional variety 
breeding practices or a new source genetically engineered to provide better consistency or 
other important baking qualities.  For purposes of this paper, the new wheat was initially 
made available yielding sufficient absorption levels to produce the three target loaf 
volumes under each state of nature.  Determination of the value of this new variety 
resulted from fixing the new variety at zero and using the resulting shadow price on the 
constraint as the reduction in procurement costs if the new variety were available. 
The objective function coefficient for x42 was set at zero.  The shadow price on 
the fixed lower bound constraint thus reflects the value of the new wheat in affecting the 
distribution of absorption levels, z.  Except for the two lowest risk levels with the 910 cc 
loaves, all production plans in the experiment were feasible.  Shadow values are graphed 
in figure 3. 
The shadow values represent the value of x42 for marginal changes (increases 
since the new wheat was fixed at zero) in the quantity of x42. Recall that these shadow 
values are valid until new variables enter the set of basic and superbasic variables in the 
optimal solution.   
  The greater the quality requirements for the finished product, measured here as 
loaf volume, and the greater the uniformity of these requirements, measured by lower 
acceptable deviations from the target, the greater the value of the new, improved wheat 
variety.  Given the illustrative nature of the example, shadow values tell a qualitative 
story.  If finished product quality requirements are low, corresponding to a loaf volume of 
870, higher quality inputs are less valuable.  Existing low quality, low cost wheat 
varieties can meet these low product requirements.  As requirements increase, fewer 
existing wheat sources are available to meet the input quality requirements.  Higher 
values for the new variety result.  The relationship can be generalized to either higher 
product quality requirements or might highlight increased input values for specific end 
use markets satisfied for agricultural products designed to meet specific market niches.    10
When homogeneous commodity markets cannot meet demand, desirable input 
characteristics can demand a higher price. 
Conclusions 
 When product quality is important, value will likely be placed on both observable 
and unobservable input characteristics.  When these characteristics are readily 
observable, markets develop to differentiate price – the market for lemons does exist.  
However, important input characteristics may not be easily observed at the time of input 
procurement.  Information is imperfect.  This paper has developed a model to quantify 
improvements in the information content of input characteristics. 
 The illustrative example does provide results useful in developing either new 
input varieties or techniques to improve information derived from inputs used in a 
processing activity.  When end product quality requirements are high, the set of input 
sources providing sufficient characteristic quality shrinks.  Availability of a new input 
source having known characteristics of sufficient quality offers a high value to the firm.   
Returns to R&D to develop the high quality inputs may yield the greatest returns 
depending of course on the demand for the end product. 
 Conversely, new varieties are of lower value when the firm produces lower 
quality end products.  A large set of supply sources yielding sufficient quality to meet the 
low end of the market may already exist.  Development of a new input variety to 
substitute for this large set of alternatives has lower value to the producer.  Consequently, 
extensive R&D efforts to supplant the available input suppliers may not yield acceptable 
rates of return. 
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Table 1.  Variable and parameter definitions 
Variables  Parameters 
Primal variables 
x – an nx1 vector of purchased inputs  
zs – an mx1 vector of end use characteristics 
available under state of nature s 
s d - production shortfall from target under 
state s 
wj –  an nx1 vector of per unit costs of 
inputs 
Ds – an mxn matrix relating end-use 
characteristics per unit of x, conditional 
upon state of nature s 
f(zs) – a production function, presumed 
known,  relating characteristics z to 
output under state of nature s 
T –  target output level 
ps – probability of state s occurring 
l - acceptable risk as measured by 
expected shortfall from target output 
e – a column vector of one’s 
   12





Risk Factor l  
(Acceptable Risk) 
  0  5  10  15  20  25 
1        44%  78%  100% 
3  14%  51%  94%  56%  22%   
10  11%           
14  18%  21%  6%       
24  9%           
26  5%  26%         
28  10%           
40  23%  2%         
41  10%           
COST  3.34  3.10  2.99  2.91  2.87  2.83 




































































Figure 1.  Relationship Between Protein and 
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